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(54) VALVE SYSTEM FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PURPOSE:To independently adjust the mean effective opening 
areas of a plurality of valves driven by means of a rocker arm, in the 
valve system of an internal combustion engine in which the phase 
and the contact position of a can are changed so as to change the 



valve timing and the valve lift. 

CONSTITUTION: The distances L1 f L2 from a rocker arm axis 13a 
to two valve drive parts 15a1, 15a2 provided on a rocker arm 14a 
are let differ from each other so as to let differ valve lift of two 
intake valves 7a1, 7a2 from each other, the diameter of the valve 
head part 17a1 of the intake valve 7a1 on the smaller valve lift side 
is formed small, and the diameter of the valve head part 17a2 of the 
intake valve 7a2 the larger valve lift side is formed large. Hereby, 
while keeping the mean effective opening areas of both intake 
valves 7a1, 7a2 to be equal to each other in the high speed running 
territory, the mean effective opening areas in the low speed running 
territory are allowed to let differ from each other so as to generate 
swirl in the mixture sucked into a cylinder, and hence combustion 
efficiency can be improved. 
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(54) [Title of the invention] 

Valve system for an internal combustion engine 
(57) [Abstract] 
[Objective] 

To independently adjust the mean effective opening areas of multiple valves driven by a 
rocker arm, in the valve system of an internal combustion engine in which the pis provided 
withe and contact position of a cam abutting the rocker arm are changed to change the 
valve timing and the valve lift. 

[Structure] 



Two valve drive units 15ai and 15a2 are provided on a rocker arm 14a at different 
distances Li and L2 from a rocker arm shaft 13a in order to provide two intake valves 7ai 
and 7a2 with different valve lifts. The intake valve 7ai provided with a smaller valve lift 
is provided with a smaller-diameter valve head 17ai and the intake valve 7a2 provided 
with a larger valve lift is provided with a larger-diameter valve head 17a2, by which the 
intake valves 7ai and 7a2 have the same mean effective opening area during high speed 
operation and different mean effective opening areas during low speed operation so as to 
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cause swirling of the mixture taken into a cylinder for improved combustion efficiency. 

[Claims] 

[Claim 1] 

A valve system for an internal combustion engine in which camshafts (28a, 28b) having 
cams (42a, 42b) and cam gears (41a, 41b) are supported by a camshaft support (23) that is 
rocked about the rocking point (O), wherein the cam gears (41a, 41b) are coupled to an 
idler gear (31) rotatably held about the rocking point (O) and rotated by a crank shaft (33), 
and the camshaft support (23) is rocked to change the position and pis provided withe of 
the cams (42a, 42b) abutting rocker arms (14a, 14b), thereby changing the valve lift and 
valve timing of intake valves and exhaust valves (7ai, 7a2> 7bi, 7b2) driven by the rocker 
arms (14a, 14b), ; .characterized by the fact that: 

multiple valve drive units (l5ai, 15a2) that abut the tips of the shafts (l6ai, 16a2) of 
multiple intake valves (7ai, 7a2) are provided on rocker arm (14a) at different distances 
from the supporting point of the rocker arm (14a), depending on the multiple intake valves 
(7ai, 7a2). 

[Claim 2] 

The valve system for an internal combustion engine according to Claim 1 characterized by 
the fact that the valve heads (l7ai, 17a2) of the multiple valves (7ai, 7a2) have different 
diameters. 

[Claim 3] 

The valve system for an internal combustion engine according to Claim 1 characterized by 
the fact that the shafts (l6ai, 16a2) of the multiple valves (7ai, 7a2) are provided at 
different angles. 
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[Detailed explanation of the invention] 
[0001] 

[Scope of the invention] 

The present invention relates to a valve system for an internal combustion engine in which 
camshafts having cams and cam gears are supported by a camshaft support that is rocked 
about the rocking point, the cam gears are coupled to an idler gear rotatably held about 
the rocking point and rotated by a crank shaft, and the camshaft support is rocked to 
change the position and pis provided withe of the cams abutting rocker arms, thereby 
changing the valve lift and valve timing of the valves driven by the rocker arms. 

[0002] 

[Prior art technology] 

A valve system for an internal combustion engine as described above is provided with been 
proposed by the applicant of the present application and published in Japanese laid Open 
Patent Application No. H03- 1305 10. 

[0003] 

[Problems overcome by the invention] 

In the prior art valve system above, each rocker arm is provided with two valve drive units 
to drive two intake valves or exhaust valves. The two valve drive units are provided at 
the same distance from the rocker arm shaft, owing to which the two intake valves have 
the same valve lift and valve timing. Accordingly, the mixture is supplied from two 
intake ports at the same intake rate and intake timing. Consequently, the mixture 
sucked in the cylinder is not sufficiently swirled, particularly at low loads and during low 
speed operation in which the internal combustion engine is provided with a low intake rate, 
resulting in poor combustion. 



[0004] 
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The present invention is proposed in view of the above circumstances and has as its 
objective to provide a valve system for an internal combustion engine in which the valves 
have different mean effective opening areas, allowing the mixture sucked in the cylinder to 
be sufficiently swirled. 

[0005] 

[Problem resolution means] 

In order to achieve the above objective, the first aspect of the present invention provides a 
valve system for an internal combustion engine in which camshafts having cams and cam 
gears are supported by a camshaft support that is rocked about a rocking point, the cam 
gears are coupled to an idler gear rotatably held about the rocking point and rotated by a 
crank shaft, and the camshaft support is rocked to change the positions and phase of the 
cams abutting the rocker arms, thereby changing the valve lift and valve timing of the 
intake and exhaust valves driven by the rocker arms, characterized by the fact that 
multiple valve drive units that abut the shaft tips of multiple intake valves are provided 
on a rocker arm at different distances from the supporting point of the rocker arm. 

[0006] 

In addition to the first aspect, the second aspect of present invention is characterized by 
the fact that the valve heads of the multiple valves have different diameters. 

[0007] 

In addition to the first aspect, the third aspect of present invention is characterized by the 
fact that the shafts of the multiple valves are provided at different angles. 

[0008] 

[Embodiments] 

Embodiments of the present invention are described hereafter with reference to the 
drawings. 
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[0009] 

Figs. 1 to 10 show Embodiment 1 of the present invention. Fig. 1 is a vertical 
cross-sectional view of the cylinder head of an internal combustion engine (a 
cross-sectional view at the line 11 in Fig.2). Fig.2 is a cross-sectional view at the line 2-2 
in Fig. 1. Fig.3 is a cross-sectional view at the line 3-3 in Fig. 1. Fig.4 is a cross-sectional 
view at the line 4-4 in Fig.l. Fig.5 is a cross-sectional view at the line 5-5 in Fig.l. Fig.6 
is an enlarged view seen in the direction of the arrow 6-6 in Fig.3. Fig.7 is a view seen in 
the direction of arrow 7 in Fig.6. Fig.8 is an illustration to explain the effects. Fig.9 is a 
graphical representation showing the valve lift and valve timing. Fig. 10 is a graphical 
representation showing the properties of the intake valves. 

[0010] 

As shown in Figs. 1 to 3, a double overhead camshaft type fourcycle internal combustion 
engine E comprises a cinder head 3 coupled to the top of a cylinder block 2 in which a 
piston 1 is slidably fitted and a head cover 4 is coupled to the top of the cylinder head. 

[0011] 

A combustion chamber 5 is formed in the cylinder head 3 facing the top face of the piston 1. 
A pair of intake ports 6a and a pair of exhaust ports 6b are provided open to the 
combustion chamber 5, where two intake valves 7ai and 7a 2 and two exhaust valves 7bi 
and 7b 2 . The shafts of the intake valves 7ai and 7a 2 and exhaust valves 7bi and 7b 2 are 
slidably held by valve guides 8a and 8b and biased upward by valve springs 12a and 12b 
interposed between upper and lower retainers 10a, 10b and 11a, lib to seat their valve 
heads on valve seats 9a and 9b. Valves 7ai, 7a 2 and 7bi, 7b 2 are driven with their shaft 
top ends abutting the intake and exhaust rocker arms 14a and 14b that are rotatably 
supported by rocker arm shafts 13a and 13b in the cylinder head 3. 

[0012] 

As is apparent with additional reference to Fig.4, a camshaft support 23 formed by a pair 
of nearly triangle side plates 20 and 2 1 connected by a cam holder 22 at the top is 
rotatably supported at the bottom end by bosss 26 and 27 fixed to the cylinder 
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head 3 by bolts 24 and 25. An intake camshaft 28a and an exhaust camshaft 28b are 
rotatably crossed between the pair of side plates 20 and 21 of the camshaft support 23. 

[0013] 

An idler gear 31 is supported by a boss 29 provided on the outer side of one boss 27 
coaxially via a ball bearing 30. A driven sprocket 32 integrated with the idler gear 31 and 
a drive sprocket 34 provided on a crank shaft 33 are connected via a chain 35. A 
reduction gear shaft 36 is detachably held in the middle of one side plate 21 by means of a 
press member 37. First arid second co-rotating reduction gears 38 and 39 are held on the 
outer periphery of the reduction gear shaft 36 via a ball bearing 40. The first reduction 
gear 38 is engaged with the idler gear 31 and the second reduction gear 39 is concurrently 
engaged with an intake cam gear 41a on the intake camshaft 28a and an exhaust cam gear 
41b on the exhaust camshaft 28b. The reduction gear shaft 36 and reduction gears 38 
and 39 are introduced in the cylinder head 3 through the top opening after mounting the 
camshaft support 23. 

[0014] 

The first reduction gear 38 is provided with a larger diameter than the second reduction 
gear 39. The rotation of the idler gear 3 1 is transferred to the first reduction gear 38 with 
the speed increased. The rotation of the second reduction gear 39 is transferred to the 
cam gears 41a and 41b with the speed reduced. Consequently, the cam gears 41a and 41b 
are driven at a rotation speed that is half that of the crank shaft 33. 

[0015] 

The intake cam 42a on the intake camshaft 28a abuts the intake rocker arm 14a and the 
exhaust cam 42b on the exhaust camshaft 28b abuts the exhaust rocker arm 14b, thereby 
opening/closing the intake valves 7ai and 7a 2 and exhaust valves 7bi and 7b 2 . The slipper 
surfaces of the rocker arms 14a and 14b have an arc shape about the rocking point O of the 
camshaft support 23 or the rotation center of the idler gear 31. 



[0016] 
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As is apparent from Fig. 1, one side plate 21 is tilted so that its top end is oriented to the 
center line of the internal combustion engine E, with the reduction gear shaft 36 and 
reduction gears 38 and 39 being provided in the space on the outer side of the tilted side 
plate 21. Consequently, the reduction gear shaft 36 and reduction gears 38 and 39 can be 
provided on the extended line of the chain 35 that connects the drive sprocket 34 and 
driven sprocket 32, by which the interior space of the cylinder head 3 can be efficiently 
used, preventing the internal combustion engine E from being increased in the axial size. 

[00171 

As apparent from Figs. 1 and 4, an oil passage 27i connected to an un shown oil pump is 
formed in the boss 27 that supports the side plate 21. The oil passage 27i is connected to 
an oil passage 36 i formed in the reduction gear shaft 36 via an oil passage 21i formed 
through the side plate 21 and an orifice 43. Oil supplied from the oil passage 36i of the 
reduction gear shaft 36 to the outside lubricates the first and second reduction gears 38 
and 39, to which the idler gear 31 and cam gears 41a and 41b are engaged. Oil supplied 
to the oil passage 27i of the boss 27 lubricates the intake and exhaust camshafts 28a and 
28b via another pair of oil passages 21 2 formed in the side plate 21. 

[0018] 

As apparent from Figs. 1 and 5, a rock mechanism D that rocks the camshaft support 23 
about the rocking point O is provided with a sector gear 44 fixed on the outer side of the 
other side plate 20 of the camshaft support 23. A worm gear shaft 46 having a worm gear 
45 that is engaged with the sector gear 44 is held in the cylinder block 2 via a pair of ball 
bearings 47. An output gear 48 provided at the end of the worm gear shaft 46 is engaged 
with a second intermediate gear 52 of an intermediate shaft 51 held in a gear box 49 via a 
pair of ball bearings 50. A first intermediate gear 53 that co-rotates with the second 
intermediate gear 52 is engaged with a pinion of a servo motor 54 provided outside the 
gear box 49. 

[0019] 



is 



In this manner, when the servo mortar 54 is driven, the rotation of the pinion 55 
transferred to the sector gear 44 via the first and second intermediate gears 53 and 52, 
output gear 48, and worm gear 45. Consequently, the camshaft support 23 is rocked about 
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the rocking point O so as to change the valve timing and valve lift of the intake valves 7ai 
and 7a2 and exhaust valves 7bi and 7t>2, 

[0020] • 

The intake rocker arm 14a and intake valves 7ai and 7a2 are described in detail hereafter, 
with reference to Figs 6 and 7. Integrally formed on either side of the intake rocker arm 
14a, a pair of valve drive units 15ai and 15a2 abut the tips of the shafts 16ai and 16a2 of 
the two intake valves 7ai and 7a2. The valve drive 15ai driving intake valve 7ai is 
provided at a distance Li from the supporting point of the intake rocker arm 14a or the 
center of the intake rocker arm shaft 13a. The valve drive 15a2 driving the other intake 
valve 7a2 is provided at a distance L2 from the center of the intake rocker arm shaft 13a. 
The distance L2 is larger than the distance Li. When the intake rocker arm 14a is rocked 
to a specific angle, the intake valve 7ai closer to the intake rocker arm shaft 13a is 
provided with a smaller valve lift than the intake valve 7a 2 that is farther away from the 
intake rocker arm shaft 13a. 

[0021] 

The valve head 17ai of the intake valve 7ai that is closer to the intake rocker arm shaft 
13a is provided with a larger diameter Di than the valve head 17a 2 of the intake valve 7a 2 
that is farther away from the intake rocker arm shaft 13a, which is provided with a 
diameter D2. In other words, the intake valve 7ai having a smaller valve lift is provided 
with a larger diameter Di and the intake valve 7a2 having a larger valve lift is provided 
with a smaller diameter D2. The distances Li and L2 and diameters Di and D 2 are 
established to satisfy the relationship (Li / L2) = (Di / D2). 

[0022] 

In this embodiment, a pair of valve drive units formed on the exhaust rocker arm 14b is 
provided at the same distance from the exhaust rocker arm shaft 13b and the valve heads 
of the pair of exhaust valves 7bi and 7b 2 have the same diameter. 



[0023] 
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Effects of the embodiment of the present invention having the structure above are 
described hereafter. 

[0024] 

The rotation of the idler gear 3 1 connected to the crank shaft 33 via the drive sprocket 34, 
chain 35, and driven sprocket 32 is transferred to a pair of cam gears 41a and 41b via the 
first and second reduction gears 38 and 39 of the reduction gear shaft 36 held in the 
camshaft support 23. A pair of camshafts 28a and 28b driven by the cam gears 41a and 
41b rotates at a rotation speed that is half the rotation speed of the crank shaft: The 
rocker arms 14a and 14b abutting the intake cam 42a and exhaust cam 42b on the 
camshafts 28a and 28b rock about the rocker arm shafts 13a and 13b. Pressed by the 
rocker arms 14a and 14b, the intake valve 7ai and 7a 2 and exhaust valves 7bi and 7b 2 
open once for every two rotations of the crank shaft 33, and the intake cam 42a and 
exhaust cam 42b both rotate anticlockwise in Fig.3. However, the phase of the exhaust 
cam 42b is approximately 90° ahead of that of the intake cam 42a: Therefore, the exhaust 
valves 7bi and 7b 2 open first and, then, the intake valves 7ai and 7a 2 open, the opening 
period of the exhaust valves 7b i and 7b 2 slightly overlaps the opening period of the intake 
valves 7ai and 7a 2 , establishing the valve overlap period of the exhaust valves 7bi and 7b 2 
and intake valves 7ai and 7a 2 . 

[0025] 

As shown in Fig.8 (A), when the internal combustion engine E is in low speed operation, 
the camshaft support 23 is rocked clockwise and the cams 42a and 42b abut the rocker 
arms 14a and 14b at the tip (to the right in the figure). In this state, the distances from 
the rocker arm shafts 13a and 13b to the contact points between the cams 42a and 42b and 
the rocker arms 14a and 14b are great, and therefore, the rocker arms 14a and 14b have 
smaller rock angles and the intake valves 7ai and 7a 2 and exhaust valves 7bi and 7b 2 have 
smaller valve lifts as shown in Fig.9. 

[0026] 

When an un-shown sensor detects increase in rotation number of the internal combustion 
engine E, the sector gear 44 engaged with the worm gear 45 driven by the servo motor 54 
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rocks the camshaft support 23 anticlockwise about the rocking point O to the position 
shown in Fig.8 (B). Then, the intake camshaft 28a and exhaust camshaft 28b crossed in 
the camshaft support 23 are rocked together, by which the contact points between the 
cams 42a and 42b and the rocker arms 14a and 14b are shifted toward the rocker arm 
shafts 13a and 13b. Consequently, the rocker arms 14a and 14b have larger rock angles 
and the intake valves 7ai and 7a2 and exhaust valves 7b i and 7b2 have larger valve lifts. 
In addition, the valve overlap time area is increased compared to low speed operation. 
Meanwhile, with the camshaft support 23 being rocked anticlockwise, the intake cam gear 
41a and exhaust cam gear 41b engaged with the idler gear 31 via the first and second 
reduction gears 38 and 39, respectively, are slightly rotated clockwise or in the direction 
opposite to the drive direction of the camshafts 28a and 28b. Therefore, the phase angles 
of the intake cam 42a and exhaust cam 42b are shifted for delay and, therefore, the valve 
closings are delayed (see Fig.9). 

[0027] 

In this manner, the valve lifts are decreased and the valve opening speed of the exhaust 
valves 7bi and 7b2 is reduced during low speed operation. Exhaust gas blow-down is 
slowed down and exhaust noise is reduced. The contact pressure at the contact areas 
between the cams 42a and 42b and the rocker arms 14a and 14b is reduced, facilitating 
lubrication. With a reduced valve overlap time area during low speed operation, fresh gas 
passing through from the intake port 6a to the exhaust port 6b is reduced, leading to a 
reduction not only in toxic constituents in the exhaust gas but also in exhaust gas pressure 
waves wrapping around the intake system, preventing noise. 

[0028] 

On the other hand, the closing of the intake valves 7ai and 7a2 is delayed during high 
speed operation compared to during low speed operation, extending a synchronized 
rotation range in which intake gas inertia effect is exerted and achieving flat torque 
properties and high power output. 

[0029] 



As described above, in the course of changing the valve lift and valve timing in association 
with the rocking movement of the camshaft support 23, the intake cam gear 41a and 
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exhaust cam gear 41b are engaged with idler gear 31 via the pair of reduction gears 38 and 
39. Therefore, the valve lift and valve timing is extensively controlled by appropriately 
selecting the number of teeth of the reduction gears 38 and 39. Further, with the 
interposition of the reduction gears 38 and 39, a desired reduction ratio can be obtained 
even if the cam gears 41a and 41b have smaller diameters Hence, the inertia mass of the 
camshaft support 23 can be cut back to reduce the load of the servo motor 54. 

[0030] 

If the valve heads 17ai and 17a 2 of the intake valves 7ai and 7a 2 have the same diameter, 
the intake valve 7a 2 provided at a larger distance L2 from the intake rocker arm shaft 13a 
is provided with a larger maximum valve lift than the intake valve 7ai provided at a 
smaller distance Li from the intake rocker arm shaft 13a as shown in Fig. 10 (A). The 
difference in maximum valve lift is more obvious during high speed operation. In fact, 
the valve head 17a2 of the intake vale 7a 2 having a larger valve lift is provided with a 
smaller diameter D 2 and the valve head 17ai of the intake vale 7ai having a smaller valve 
lift is provided with a larger diameter Di. Therefore, as shown in Fig. 10 (B), the curves of 
the mean effective opening areas of the intake valves 7ai and 7a 2 result from parallel shift 
of the curves in Fig. 10 (A) by a specific distance. 

[0031] 

The intake valves 7ai and 7a 2 have nearly the same mean effective opening area during 
high speed operation in the left of Fig. 10 (B). On the other hand, during the low to 
middle speed operation, the maximum valve lift is smaller and the diameters Di and D 2 of 
the valve head 17ai and 17a 2 are more dominant on the mean effective opening area; 
therefore, the intake valve 7ai is provided with a larger mean effective opening area than 
the intake valve 7a 2 . Their difference is maximized during low speed operation. 
Consequently, particularly during low speed operation, the intake valves 7ai and 7a 2 have 
unbalanced intake rates and, accordingly, intake speeds. This causes the mixture intaken 
into the cylinder to swirl for improved combustion efficiency. During high speed operation 
where the mixture intake rate is sufficiently high and there is no need of swirling, both 
intake valves 7ai and 7a 2 have the maximum mean effective opening area, achieving 
improved power output and reduced mileage as a result of reduced intake gas resistance. 



[0032] 
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Figs. 11 and 12 show Embodiment 2 of the present invention. This embodiment is 
characterized by the fact that the shaft 16a2 of the intake valve 7a2 provided at a larger 
distance from the intake rocker arm shaft 13a is tilted and the valve heads 17ai and 17a2 
of the intake valves 7ai and 7a2 are aligned in the axial direction of the intake rocker arm 
shaft 13a. With the intake valves 7ai and 7a2 having shafts 16ai and 16a2 provided at 
different angles, the valve heads 17ai and 17a2 of the intake valves 7ai and 7a2 are 
positioned close to each other and the degree of freedom in the layout of the combustion 
chamber 5 is increased, in spite of two valve drive units 15ai and 15a2 being provided on 
the intake rocker arm 14a at different positions. 

[0033] 

Embodiments of the present invention are describeAabove. However, the present 
invention is not restricted thereto and various minor modifications in design can be made. 

[0034] 

For example, the intake valves 7ai and 7a2 have different mean effective opening areas to 
cause the mixture to swirl for improved combustion efficiency in the embodiment. 
However, the exhaust valves 7bi and 7b2 can have different mean effective opening areas 
to discharge exhaust gas at different timings and rates, reducing exhaust noise. Further, 
three or more valve drive units can be provided on one rocker arm at different distances 
from the rocker arm supporting point. 

[0035] 

[Efficacy of the invention] 

As described above, the first aspect of the present invention is characterized by the fact 
that multiple valve drive units that abut the shaft tips of multiple valves are provided on a 
rocker arm at different distances from the rocker arm supporting point to provide the 
valves with different mean effective opening areas. Therefore, the multiple intake valves 
have different mixture intake rates, causing the mixture sucked in the cylinder to 
sufficiently swirl for improved combustion efficiency. 
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[0036] 

According to the second aspect of the present invention, the valve heads of the multiple 
valves have different diameters, enabling the mean effective opening areas of the valves to 
be adjusted in a more sensitive and easy manner. 

[0037] 

According to the third aspect of the present invention, the shafts of the multiple valves are 
provided at different angles. The valve heads can be positioned close to each other, 
increasing the degree of freedom in the layout of the combustion chamber. 
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[Brief explanation of the drawings] 

Fig.l is a vertical cross-sectional view of the cylinder head of an internal combustion 

engine (a cross-sectional view at the line 1-1 in Fig.2). 

Fig.2 is a cross-sectional view at the line 2 2 in Fig. 1. 

Fig.3 is a cross-sectional view at the line 3*3 in Fig.l. 

Fig.4 is a cross-sectional view at the line 4 4 in Fig.l. 

Fig.5 is a view seen in the direction of the arrow 5-5 in Fig.l. 

Fig.6 is an enlarger view seen in the direction of the arrow 6-6 in Fig.3. 

Fig.7 is a view seen in the direction of the arrow 7 in Fig.6. 

Fig.8 are illustrations explaining the effects. 

Fig.9 is a graphical representation showing the valve lift and valve timing. 

Fig. 10 is a graphical representation showing the properties of the intake valves! 

Fig. 11 is an illustration of Embodiment 2 of the present invention, corresponding to Fig.6. 

Fig. 12 is an illustration of Embodiment 2 of the present invention, corresponding to Fig.7. 
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7ai, 7a2 


intake valve (valve) 


7bi, 7b 2 


exhaust valve (valve) 


14a 


intake rocker arm (rocker arm) 


14b 


exhaust rocker arm (rocker arm) 


15ai, 15a2 


valve drive 


16ai, 16a2 


shaft 


17ai, 17a2 


valve head 


23 


camshaft support 


28a 


intake camshaft (camshaft) 


28b 


exhaust camshaft (camshaft) 


31 


IVAIVX gwlU 


33 


crank shaft 


41a 


intake cam gear (cam gear) 


41b 


exhaust cam gear (cam gear) 


42a 


intake cam (cam) 


42b 


exhaust cam (cam) 


0 


rocking point 
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